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•  Transitioning  “High  Risk”,  but  “High  Performance”, 
Materials  in  a  Risk  Averse  Environment 


Revolutionary  Opportunity  Areas 
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CTA  3  OVERVIEW 

Mission/Vision 
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CTA  representative  on  ML  Research  Council 
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ABL:  chemical  compatibility 

Realize  the  ‘why  composites’  -  full  potential 


Model:  What  we  do 


To  Guide  Today’s  Customers,  Meet  Future  Needs, 
and  Enable  Tomorrow’s  Weapons  Systems 


OMC  Development  Emphasis 


iax 


C 

o 

E 

a 

o 

o 

> 

o 

a 

0 

CO 

■  ■MM 

s 

lo 


0) 

> 

CO 


t  Z 

CD  I 

a.  ' 


(/) 

E 

o 

4- 

0) 


d)  ^ 

^  JH 

0  CO 
O  'C 
Q.  d) 

E  CO 

E  E 
o'S- 

ii 

E  m 

o 

LL  C/) 
CD 

0  ^ 
CO  (!) 

■z  o 

d)  Q. 

1o  E 

f  o 

d)  o 

>  c 

O  CO 


0 

c 

0) 

E 

c 

o 

■■■■ 

> 

c 

LU 

j2 

CO 

■■■■ 

o 

1o 


d) 

E 

0) 

X 

LU 


CO 

Q. 

E 

o 

o 

X 

o 

o 

oS 

X 

o 

o 

o 

CD 


CO 

1- 

0) 

Q. 

E 

CD 


G) 

mmmm 

X 

I 


0 

0) 


3  -t: 


.D 

CO 

a 

CO 

o 

•o 

0) 

> 

o 

a 

E 


CO 

c 

o 

CO 


o 

c 

3 


C 

o 

E 

CD 

O) 

CO 

c 

CO 


CO 

E 

o 


c 

o 

mwmm 

s 

o 

CL 

X 

LU 


0) 

CO 


G) 

£ 

•G 

C 

JO 

E 

o 

T3 

C 

3 

"G 

O 

> 

O 

L. 

a 

E 
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Carbon  Foam  Research  Objective 


Test  Method  Development 
(Mechanical,  Thermal) 


Modeling  to  Predict  Properties 
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Fracture  Mechanics  of  Preformed 

Composites 
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approach 
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Nano  Composites 
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Bring  micromechanics/continuum,  nanocomposites  community  and  molecular 
modelers  together  to  dialogue 

Advocate  unified  focus:  harness  mechanics  community 


Temperature  Composites 
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Extreme  Environments:  Cryo 

Background 
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Extremely  limited  test  protocol  / 
knowledge  base  available 


Extreme  Environments:  Cryo 

MLBC  Cryogenic  Capabilities 


LNj  Cryo/Thermal  Cycler  LN2  Permeability 

+  constant  mech  load  +  mech  load 


Extreme  Environments:  Cryo 

Fatigue  Data 


3!)e;s  ‘s  /  ojioAo  xbui  ‘s 


100  1000 


o 

to 


T3 

O 

(0 

o 


O) 

c 


CO 

o 

Q.  OJ 
O  O 
(/)  — 

>£ 

o>o  v 
.Et-e 
S  S  TO 

®  S 

S  c.o 

O  TO  43 
C.I:  o 

—  ^  c 
o)<d^5 

O 

©■D  0) 
n  o  c 
o 

^  73  ^ 

CO  o  O 

ril 

®  I'm 

(/)  »-  c 

.5'P‘So 


E 

o 

o 


‘«S8 
«  !S  ^ 

o>a?  TO 

C  3 

TO-S 

OOT  > 


TO 

E 

2  o 


TO 

a 

TO 

o 

(A 

TO 

O) 

c 

'w 

TO 

0) 

b 

c 

■  ■M 

TO 

TO 

T3 

O 

O) 

TO 

C 

TO 

E 

0) 

C/) 

3 

E 

TO 


(/) 

"D 

TO 

O 

lo 

E 


(/) 
5 
2 

H  b) 


o 

o 

TO 

a 

(/) 

o 

L. 

o 

TO 


O 

> 

w 

TO 

S 

O 

0. 


ir 

UJ 

00 


u. 

(0 


o 

CO 

I 

O 


®  (0 
w 

>*  /vT 

W 

P 


c 

o 

O 


■  ■ 

(0 

CO 

4-< 

c 

c 

o 

■  ■MM 

(D 

E 

TO 

O 

■■■■ 

Q. 

■  m 

ce 

TO 

c 

o 

L. 

> 

c 

a 

O 

lU 

TO 

k. 

■  MM 

1 

S' 

< 

TO 

• 

mmtm 

mamm 

:e 

• 

O) 

c 
■■■■ 

o 
o 
o 

0) 
o 

’£ 
o 

Ui 
4-> 

o 

c  ® 


0) 

(A 

(0 

o 

c 

o 

n 


O) 

c 

•  MM 

o 

o 

o 

<u 

c 

'6) 

c 

LU 

O 

c 

o 

CO 

o 


c 

0) 

E 

a> 

O) 

(0 

c 

(0 


(0 


(A 


Evt 

1- JO 


HCQ 

I  I  I 


Spacecraft: 

—  Minisats,  Space  Based  Laser,  Launch  Vehicles 


Improved  Capabilities: 
TM  Materiais  Strategy 
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Single  Use  Thermal  Protection  System 
Reusable  Thermal  Protection  System 
Advanced  Aircraft  Brake  Technology 
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Extends  time  between  failure  by  2X 

Extend  range  due  to  40%  weight  reduction  and  increase  heat  exchanger 
efficiency  by  1 0% 


TM  -  Current  Programs: 
Non-metallic  Heat  Pipes 

OMC  Heat  Pipes 
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The  use  of  OMC  reduces  component  weight  (i.e.  up  to  10-20%) 


PACT:  Parnership  for  Advanced 
Composites  Transition 


Knockdown  factors  (resulting  in  weight  penalties)  often 
remove  composites  from  systems  during  EMD  phase. 


Motivation  for  PACT 
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Designers  Need  to  Get  Earlier  Data  with  Less 
Uncertainty  to  Lower  Insertion  Risk 


PACT:  Grand  Challenges 


PACT :  Hierarchy  of  Models 


Complements  AFOSR  -  MEANS  Program 


B-Spline  Analysis  Method  (BSAM) 


Similar  to  the  old  SVELT,  but  much  more  flexible! 


Capabilities 


Z-Coerdinate  (inches) 


Capabilities 


Summary 
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Overview  of  Research  Activities  at  AFRL 
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Spacecraft  Component  Technology  (VSSV) 

Our  Position  Within  AFRLA/S 


Spacecraft  Component  Technology 

Research  Thrusts 


Multi-Discipline  Grand  “Challenges 


Low-Cost  Fabrication  of  Advanced 
Grid-Stiffened  Structures 

Results 


failure  load 


Low-Cost  Fabrication  of  Advanced 
Grid-Stiffened  Structures 

Results 


Direct  reinforcement  option 
(initial  failure  much  lower 
than  ultimate) 


Integrated  Structural  Systems 

Cryogenic  Tanks 


Composite  Laminate  Microcrack  Mitigation 
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Enabling  for  SSTO,  Reusable  Vehicles 
Reduced  Tank  Fabrication  Costs 


Composite  Laminate  Microcrack  Mitigation 

Results 
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Slight  Leak  Rate  Decrease  during  “Heatup”  to  Ambient 
Fiber/Resin  GTE  Difference  Primary  Cause  of  Microcrack 
Need  additional  data  on  Omni-Directional  Fabric 


Integrated  Structural  Systems 

High  Temperature  Structures 


Integrated  Structural  Systems 

Large  Deployable  Structures 


Integrated  Structural  Systems 

Structures  for  Optical  Systems 
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Active  Membrane  Structures 


Eiectroactive  Polymer  for  Membrane  Optics 
Experimental  Measurement  of  Surface  Change 
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Electroactive  Polymer  for  Membrane  Optics 
Finite  Element  (ABAQUS)  Analyses  of  Actuation 


Conclusion: 

Based  on  Analytical  (FEM)  results  and  available  test  data, 
Possible  shape  correction  is  much  less  than  the  surface  error! 


Integrated  Structural  Systems 

Multifunctional  Structures 
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Tensile  specimen  mold 


Integrated  Structural  Systems 

Innovative  Concepts 


Self  healing  composite  materials 


Electrically  Dis-Bonding  Epoxy 

Results 


ond  time  affects  failure 
mode  of  adhesive 


Close  agreement  between  numerical  predictions  and  experimental  data! 


step  1  -  Predict  static  stiffness  of  iap-shear  joint 
—  Compare  numericai  modei  to  experiment 


Negiecting  the  adhesive  bond  results  in  errors  >  25% 

One  element  through  the  thickness  captures  the  dynamic 
behavior  (3D  brick  element  with  nonlinear  material  properties) 


Stiffness  Critical  Composite  Joining 
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FE  model  can  predict  performance  for  first  6  modes 
Higher  modes  not  measured  due  to  experimental  setup 


Conclusions 


Critical  ISR  Needs  Not  Met  with 

Todays  Systems 


Sensorcraft  Functionality 

&  Space  Interdependence 


Sensorcraft  Cost  and  Weight  Challenges? 
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Enhanced  Antenna  Performance  by  Exploiting  Skin  Acreage 
improved  Aerodynamics  and  Structurai  Efficiency 
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Spiral  Element  Developed  by  SN 
Combined -Load  Fatigue  Testing 
Spinning  Linear  Mode  Testing 


Communication  Element  Development 
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•  The  CLAS  end  cap  was  flight  tested  with  dramatic  gain  improvement 
results,  as  shown  in  the  gain  vs  azimuth  plot 

•  The  CLAS  end  cap  increased  VHP  voice  communication  range  17  fold 
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Low  Cost  Flexible  Electronics 
Design  for  Repair/Graceful  Degradation 
Bonded  Structure 
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Dielectric  material  development 

-  Voltage  breakdown  strength 

-  Nano  particle  dispersion  for  high  dielectric  constant  polymers 

-  High  strength/stiffness  dielectric  polymers 

-  Tunable  dielectrics  for  broadband  performance 


1st  Air  Force  Workshop  on 
Multifunctional  Aerospace  Materials 
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What’s  Possible  with  Structure-Power  ?? 
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System  Optimization 

UAV  Flight  Endurance  Time 


->  System-Level  Multidisciplinary  Design  Optimization  Required  !!! 


Unifunctional  Materials  Performance 
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Multifunctional  Materials  Performance 


Mechanical  Performance  Indices 


Structure-Battery  Design  Tool  (SBDT) 


Structure-Battery  Design  for  UAV’s 


>» 

E> 

0 

c 

.9  •= 
(/)  ^  15 
O  o  ^ 
-  ^  ^ 


0 

D) 

0 

i_ 

O 

0 


•O 

c 

0 


<0  "O 
O  c 
LI. 

0 

.Q 

C3 


o 

D) 

0  .£ 

^  S' 

'(/) 
c 
0 
■0 


0 

x: 

0 


0 
0 
■D 

-  ^  o 

12  E 

0  :■= 

«=  X) 

0 


0 

0 


.D)  i5 

jp: 

c  ■ 


W  >. 

i>  p  s 


^  >. 


0 

CO 


Q  o  -e  = 


VI/  “ 

c  < 

nv 


0 

SI 

D) 


XD 

0 

D 

Q 


_0 

8 

0)  0 
-9  ^ 

®  -r-v 

L«  X5 

i  I 

CO  0 

w  0 

.2  £  = 

s  iS 

^  o  to 

c>  ^  ^ 

Q.  i=  o 
s  -9 

ZZ  0  = 

3  0  0 

^  U)  O 


tf> 

I 

C 

o 


0 

jC 

o 

0 

DC 


0 

■D 

C 

o 

o 

0 

0 


Multifunctional  Design  Rule:  add  functionality  to  the  material 
with  the  more  complex  existing  function. 


Electrical  Performance  Indices 
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Wide  range  of  Ragone  performance  due  to  intrinsic  energy  storage  physics: 
_ stretching  versus  breaking  of  molecular  bonds. 


Electrical  Performance  Indices 
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Li-Me  (S)  and  Li/SPE  (S)  cells  show  best  rechargeable  performance!! 
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Structure-PLI  Performance 
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•  Hardware  adjustments 

•  Hardware  overall 

•  Hardware  replacement 
Engine  history 
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In  result,  the  Air  Force  emphasis  has  shifted  from 
increasing  performance  to  reducing  the 
operational  burden  imposed  by  these  older 
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4.  Predict  Remaining  Life 

-  How  long  before  component  fails 
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•  A  possible  solution  to  this  problem  is  using  a  structural 
health  monitoring  system  that  would  determine 
whether  or  not  the  integrity  of  the  repair  is  decreasing. 


*  Maintam  structural  safety  and 
Structural  Health  Monitoring  System  availability. 

•  Reduce  operational  and  service 
cost. 
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Locate  damage 

Diagnose  damage  (delamination,  impact  damage,  mechanical 
attachments  state  etc.) 

Prognosis  of  the  health  of  the  structure/TP S. 


Technical  Approach 


Combine 

Analytical  and  Empirical 
Means  for  Optimum 
Solution 


Technical  Approach 


Technical  Approach 


echnical  Approach:  Sets 

•Derive  Transformation  Matrix 
•Establish  Reliability  Metric 
•Experimental  Validation 


Technical  Approach 


Identify  Basic 

Identify  Basic  Design  Axioms 


Technical  Approach 
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Key  Technologies 
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Impact  damage  analysis 
Structural  fatigue  analysis 
Acoustics  fatigue  analysis 


Key  Technologies 
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Sensor  integration 
Sensor  interrogation 
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Materials  That  Sense  Their  Environment 
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Near-Earth  Spacecraft  Thermal  Environment 
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Temperature  cycling  as  spacecraft  moves  in/out  of  eclipse 
Radiation  to  space,  solar  input,  internal  power  must  be  controlled  to  maintain 
spacecraft  systems  (especially  electronics)  within  operating  temperature 
(-30  C  to  65  C,  typical)  1^1 


Electrochromic  Thermal  Control  Device  Structure 


Battery-like  cell;  charge  changes  optical  properties 

The  entire  EC  device  is  no  more  than  7  mils  thick  (0.177  mm)  dominated  by 
Mylar  substrate  (can  be  reduced  to  0.9  mil)  ISll 

Goal:  thin-film  flexible  device  thermostatically  controlled  p,  , 


Benefits  of  Thermal  Control  with 
Electrochromics  Technology 


Heater  Power 


Reflectance  Variation  with  Film  Oxidation 
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Reference:  Topart  and  Hourguebie,  Thin  Solid  Films,  352.  p.  243,  1999. 
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Molecular  Sensing  Using  Conductive  Polymers 
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Individual  Chemical  Alarm  System  (ICAS) 
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ICAS  Prototype  Badge  Design 
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Exposure  records 

-  exposure  dose  =  concentration  x  time 

-  logged  every  30  minutes  or  +  20%  dose  increase 


Advanced  Radiation 
Shieiding  Materiais  SBiR 
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satellite:  Brazilsat  (2002  launch) 
Following  activities:  STRV1D,  LMA  panel 
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accessory  to  composite  structures 


Self-Diagnosis  of  Damage  in  CFRP  by 

Electrical  Resistance 


Due  to  Misalignment  electrical  damage 

Electrical  resistance  monitors  damage  evolution 
On-Board  Damage  Detection,  Failure  Prediction  from  Resistance 
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Resistance  response  can  be  tuned  using  fiber  volume  fraction 
Resistance  is  independent  of  sample  gauge  length  (spatial  sensitivity) 


Resistance  carries  a  permanent  record  of  prior  damage 
Critical  for  damage  due  to  overloads 
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Some  Issues: 
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Coupled  Mechanical,  Electrical  Models 
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Modeling  of  Damage  Detection  by  Electrical  Resistance 
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How  locally  can  damage  be  detected? 
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Design  for  LOCALIZED  damage  sensing 


Sensing  Depends  on  Detection  Geometry 


Use  model  to  test  simple  geometries;  Realistic  ply-level 

determine  spatial  resolution  detection  geometry 


ow  can  signals  be  interpreted?  Need  stochastic  analyses 


Feasible  Fabrication  of  “sensor  array”? 


Metal  Plastic 

wire  wire 


Innovation  in  Design: 

Design  =  Fundamental  Materials  Design 
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Sensors 
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Technical  Challenges 
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Piezoelectric  Sensor  Network 
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Active  Damage  Detection 


Damage  type 


Bat  Echolocation 
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Interpretation  -  Damage  index 
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SHM  System  for  Vehicles 
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SHM-based  Structural  Design  Diagram 
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Air  Vehicles  Directorate 
Structures  Division 


Thermal  Structures 
for  Future  High  Speed  Vehicles 
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-  Lightweight  High  Temperature  Structures 

-  Insulation/Thermal  Management 

Multifunctional  Technologies  may  be  Key  to  Lightweight 
Affordable  Solutions 


Thermal  Structures 
for  Future  High  Speed  Vehicles 


High  Temperature  Fuel  Tanks 


structural  Concepts 
for  Consideration 


Active/Passive  Structural  Cooling 

Advanced  Analytical  Techniques 
-  MDO,  Probabilistic  Analysis 


Thermal  Management  for 
High  Mach  Vehicles 


L 


Boundary  Layer  Heat  Transfer 

Rate  to  Wall 


Wall  Heat  Transfer  Rate  (BTU/ft^-sec)  =  Qclot^on  =  k*dT/dy, 
where  k  is  air’s  thermal  conductivity  at  the  wall  conditions, 
and  dT/dy  is  the  temperature  gradient  at  the  wall. 


The  Difference  Between  Convective 
and  Radiative  Heat  Transfer  Rates 


When  Qdotjjr  is  0  (insulated),  will  equal  the  radiation  equilibrium 
temperature,  otherwise  Qdotgtr  and  heat  capacity  determine  the 
rate  of  temperature  change  of  the  surface  material. 


Structures  and  Materials 
Key  Technical  Challenges 
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CUSTOMERS 

•  CAV;  SOV/SMV/Launch  Vehicle  technology  transfers 


Next  Generation  Leading  Edge 
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•  Reliability/Durability/Supportability 

•  Cost/Manufacturability 

One  ongoing  effort  with  Boeing,  and  one  SBIR  to  be 
awarded  on  Jan  2003 


Thermal  Management 
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•  Dimensional  control,  performance  enhancement 
Carbon  Foam  applications:  heat  exchangers  and  radiator  panels 
Novel  thermal  protection  applications 
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3-D  WOVEN  COMPOSITE  STRUCTURES  WITH 
INTEGRATED  FIBER  OPTIC  SENSORS 
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IN  SITU  EVALUATION  OF  3-D  WOVEN  COMPOSITE  STRUCTURAL 
PERFORMANCE  USING  FIBER  OPTIC  SENSORS 
AFOSR  STTR  PHASE  I  and  PHASE  II  (to  start  in  November  2002) 
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EFPI  SENSOR  INSTRUMENTED  GARBON/EPOXY 


o 

HH 

H 

Q 

HH 

H-1 

> 

H 

U 

iz:; 

o 

u 

H 

o 

Q 

O) 

P 

O) 

;z^ 

§ 

HH 

u 

Ph 

c/5 


SOME  RESULTS  OF  THE  CONCEPT  VALIDATION 


TD 

a> 

u 

G 

(fa 

0) 

4--» 

'M 

CL 

CC 

<J 

0) 

a 

CJ 

"o 

X 

cu 

c 

pC 

u 

Cl 

*o 

o 

a 

& 

a 

o 

fi 

mm4 

-«  A 

•pi-4 

i^Mir 

a 

(fa 

u 

u 

4-» 

o 

c 

5/) 

o 

a 

G 

(fa 

O 

<J 

G 

fa 

*3 

fa 

u 

C/) 

•D 

a 

cs 

Of) 


a> 

&£ 

a 

CUD 


T3 

c 

cc 

u 

o 

G 

a> 


o 


o  cc 
"O 


«  o 

1  e 

*t3 

fi 

Jm 

•a  ^ 

^  (fa 

c/a  ^ 

^  C« 

^  s 

ii 

2  '<-» 
'Sii 

»5  Sr 
W5  5 

a>  o 
c  -* 
Jr' 

w  w 

2 

•S  w 

X)  ns 
bC  o 

=<  rt 

o  2 
fa  wo 
5  o) 

<!:  .s 


u 

CJ 

<J 

u 

ct 

xi 

o 

<a> 

u 

o 

a 


ec 


o 

.£3 

(fa 

OD 

Jv  a 
ns  o 
^  Cu 

u  0 

^  «Pi4 

^  (fa 
S  o 
cc 

a  « 

«>  V. 

-if-  ,p 


bsd)  sMJis 


A  larger  strain  gage  ( - )  covers  resin  pocket  and  some  Strain  recorded  by  the  sensor  in  the  presence 

of  the  yarn  area  next  to  the  specimen  surface.  of  hole  ( - )  is  significantly  higher  than  the 

The  EFPI  sensor  shows  strain  (--— )  within  yarn  adjacent  strain  at  the  same  location  in  the  absence  of 

to  the  specimen  surface.  hole  ( — ^). 


ANTICIPATED  BENEFITS  FOR  DESIGN  AND 

APPLICATIONS 


significantly  increasing  reliability  of  design, 
thus  reducing  cost  of  inspection,  repair  and 
maintenance. 
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Strain  Measurement  Interior  to  Composite  Parts- 

Background/Partnerships 
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Strain  Measurement  Interior  to  Composite  Parts- 
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Distributed  Sensors  in  Space  Vehicles 


Strain  Measurement  Interior  to  Composite  Parts 

Innovation  in  Science 


Initial  Experiment 
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Placement  of  Sensor 


RESEARCH 


Finished  Composite  Test  Specimen 


Monitoring  Sensor  #2  During  the  Cure  Cycle: 
Increasing  Temperature  to  Peak  Temperature 


Monitoring  Sensor  #2  During  the  Cure  Cycle: 
After  Cross  Linking/Cure  and  Cool  Down 
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Polarization  Extinction 
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Sensor  #1:  Shorter  Wavelength 
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Sensor  #1:  Longer  Wavelength 
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Fabrication  of  Smart  Fabrics 


Single  and  Dual  Axis  Grating  Sensors  in  E-glass/ 
Vinylester  and  E-glass/  Epoxy  Composites 


Mechanical  Test  Setup  -  Three  Point  Bend  Test 
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Dual  Axis  FBG  Sensor  in  E-glass/vinylester 
Composites  Strained  in  Tension,  Right  Peak 
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Dual  axis  Grating  Sensor  in  E-glass/epoxy 
Composites  Strained  in  Compression,  Right  Peak 


Dual  Axis  FBG  Sensor  in  Glass/epoxy 
Composites  Strained  in  Compression,  Left  Peak 
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Repeatability  and  Drop  Test 
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Dual  axis  FBG  sensor  in  glass/epoxy  composites  under 
cyclic  compressive  loading-unloading  (01b-4001b),  left  peak 
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Bonded  Joint  Health  Monitoring  System 
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Joint  Instrumented  for  Shear 


Pi-Channel  Multi-Axis  Strain  Monitoring 
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High  Density  Fiber  Grating  Strain 

Sensor  System 


Composite  Structures  Summary 
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Composite  Structures  Systems  Development 


Ongoing  Improvements  in  System  Capability 
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FAST  SELF  COOLING 
MECHANISMS 


Roger  J.  Morgan  and  Sai  Lau 

Texas  A&M  University 

AFOSR  WORKSHOP  ON 
MULTIFUNCTIONAL  AEROSPACE 

MATERIALS 


24*  OCTOBER  2002 


THEME 


“OUT  OF  THE  BOX” 

-  SURFACE  COOLING  CONCEPTS 

-  THERMAL  ABLATION  RESISTANT 
STRUCTURES 

GOALS 

-  RAPID  TEMPERATURE  -  TIME 
COOLING 

•  LIMIT  IR-TIME  SIGNATURES 

-  ENHANCED  THERMAL 
RESISTANT  STRUCTURES- 
PROCESSIBLE  COATINGS  AND 
STRUCTURES 


SUBJECT  MATTER 


HISTORY 

-  LASER  HARDENING  MECHANISMS 

•  HIGH  MOISTURE  BEARING  FIBERS 
(FIBER  -S) 

•  TUNGSTEN  CARBIDE,  TANTALUM 
CARBIDE  IN-SITU  SERVICE 
ENVIRONMENT  FORMATION 

SURFACE  MOISTURE  EVAPORATION 

-  SKIN  COOLING  MECHANISM 

-  MICROFLUIDICS 

THERMAL  CONDUCTION  -  INTERNAL 
COOLING  “PIPES” 

RAPID  SUPER  -  THERMAL  CONDUCTORS 

COATING  SELF  COOLING  MECHANISMS 
(IN-SITU  REPLENISHMENT) 


Table  1 


Aromatic  Polyamides  That  Were  Developed 


for  Cosnaoercial  Fiber  Production 

Chemical  Name 
(abbreviation) 

Chemical  Structure 

Trade  Kai&Q 
(cos^any) 

poly  (m-phcnylcnai3ophth«lajal<Ie) 

(PmPl) 

— [-^X>-X2X-CO-KHhX2X-NH--|- 

Komex”<du  Pont); 

Conex^^Tei jin) 

polybonzamide 

(PBA) 

— CO-j- 

PRD  49-1^* 

(Du  Pont) 

poly  (£-phcnyl«nc  torophthalualdol 

(PPTA) 

-|“OC— — MR-j— 

Kevlar*^du  Pont); 
Twarort**’ 

(AJezo  N.V,) 

polytcrophthaloyl-- 
p-artdnobcnzhydra  zide 
(PABK-T) 

X-500"** 

(Honsanto) 

copoly torephthalamlde  of. 

CSO)J  1 

HM-50*^  tochnor*’®' 

g^phenylenediamine  ahd 

3/4’  di amino -dLi phenyl  ether  ^ 

(CPTA) 

r-\  1  1 

o\ — 0-~T'^^V’-W-(SO)J  4 

(Toijitt) 

poly  amidobonr  imidazole 

,  M  K  0  0  , 

FVM™ 

(PABI) 

-f-K-kSA.  vy  J 
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(USSR) 

*Ko  longer  cocrroercially  produced. 
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nTmmi 


1 1.  Th«  100*0  *M  StO*C  two-difnmsfonttf  tmp^siuf«  con«Htrf  in  •  <0 p*y  certxm 
rEtXM'epOJty  cc<r>posH^  9tnf  10  s  ^xpcso^ii  to  1 600  W/cfn‘,  3  5  twa/n  dfjmorer  tasof. 


THE  MECHANISM  OF 
ECCRINE  SWEAT  EXPULSION 


Eccrine  sweat  glands  are  simple  coiled  tubular  glands  located  in  the 
deep  dermis  or  underlying  hypodermis  and  are  present  throughout 
the  body.  Their  primary  function  is  evaporative  cooling. 


1.  They  develop  as  invaginations  of  the  epithelium  of  the  dermal 

ridge.  They  grow  into  the  dermis  with  its  deep  aspect  becoming 
the  glandular  portion  of  the  seat  gland. 

2.  Eccrine  sweat  glands  are  simple  coils  of  cuboidal  epithelium 

containing  two  kinds  of  cells. 

A.  Dark  cells  produce  sialo  mucins. 

B.  Clear  cells  produce  water  and  electrolytes. 

3.  The  final  production  is  hypotonic  (99%  water) 

4.  Adult  produce  between  0.5-10  leters/day. 


CONDUCTIVITY  MODEL 


ASSUMPTIONS: 


•  The  outer  surface  is  heated  instantaneously  to  100 
before  cooling  begins 

•  Inner  surface  temperature  is  maintained  at  25  °C 


•  There  is  no  cooling  to  atmosphere 


•  Water  flow  is  semi-turbulent 
GOVERNING  EQUA  TION: 

(HEAT  ADDED  -HEAT  CONDUCTED  ACROSS  THE  MATERIAL) 
PER  cm2  PER  s  = 

(HEAT  INCREASE  IN  THE  MATERIAL  PER  cm2  ppR  g) 


EVAPORATION  MODEL 


ASSUMPTIONS: 

?  Pore  openings  cover  50%  of  surface  area 

?  0.2  kg.  Of  water  evaporates  per  second  per  square  cm. 

of  surface  area 

?  Material  and  water  properties  are  considered  at 
conditions  prevailing  at  an  altitude  of  approximately 
60,000  ft. 

GOVERNING  EQUA  TION: 

(HEAT  ADDED  -HEAT  TAKEN  AWAY  BY  EVAPORATION)  PER 
cm^  PER  s  = 

(HEAT  INCREASE  IN  THE  MATERIAL  PER  cm^  PER  s) 


Temperature  (°C) 


Temperature  vs  Time 


0  50  100  150  200  250  300  350 

Time  (s) 

— 0 —  Conductivity  model  a  Evaporation  model 


Temperature  (®C) 


Temperature  vs  Time  for  different  methods  of  cooling 


Time  (s) 

— Conductivity  model 

Thermal  conductivity=30,000  times  that  of  silver 
^  Evaporation  model _ 


Temperature  (®C) 


Temperature  vs  Time 
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•—Thermal  conductivity=30,  000  times  that  of  silver 


SUPER  THERMAL 
CONDUCTOR 

COPPER  SEALED  TUBE  -  5 
MMD 

AIR  0.5  ATMOSPHERE 

3  COATINGS  -  0. 1  MM 
THICK 

-  OXIDES 

-  CHROMATES 

UP  TO  3  X  10  THERMAL 
CONDUCTIVITY  OF  SILVER 


Graphitic  Foam  as  Heat  Carrier  For  Thermal 
Control  in  Phase  Change  Materials  (PCM) 
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Temperature  profile  during  normal  landing  Stop  of  conventional 
carbon-carbon  composites  and  PCM-graphitic  foam  based  composites. 
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Autonomic  Healing  of  Polymers 

and  Comoosites 


Autonomic  Healing  Research  Team 


Inspired  by  Biological  Systems 
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Our  Goal? 
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Self-Healing  Concept 


Self-Healing  Materials 
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Epoxy  Healing  Efficiency 


Healed  Fracture  Surface 


Healing  Kinetics 


Healing  Fatigue  Damage 


Multiscale  Modeling  of  Fatigue  Response  of 

Self-Healing  Composite 
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Tech  Transfer:  Microelectronics 
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Woven  Composites 
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Composite  Fracture  Surface 


Tech  Transfer:  Cryogenic  Storage  Tanks 


Future  Directions 
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Inspired  by  Biology... 

Creating  a  Synthetic  Autonomic  System 
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New  Healing  Concepts 
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Mechanochemistry 
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Mechanochemistry: 


t--z  fi'. 


'C/^CvA"/-  ^ 

i  J'” ' 


C"*4 

'P'-‘i::iH:'U.'.. 


ilw  (/) 

;l” 

#E  2 

>^;iQ. 

L. ' 

V.H  (/) 

■p  c 

CQ  (Q 

a:  is 


U) 

c 

‘5. 

Q. 

<0  ^ 
is -a 
^  o 
(0  its 

■-1 
^  s 


i2^■ 
C  <D 
o  O 

>iS 

<D  Q. 

S’® 

•gw 

Ir:. 

8  i 

S  g> 

0  •= 
ILa  ■£!■ 

-S  g 
®  'T 

E  = 

0.9 

^  IS 

o  w 

N 

>  o 

1=  o 

0  s 

•D  t. 

§0 
^  .9 

C  ^ 
0  0 


Microvascular  Networks 
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Microvascular  Networks 
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Chaotic  Advectlon  Micromixer 
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Isolated  Flow  Paths 
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Micromixing  Experiments 
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Hlihly  crossffited  rei^pdiible  poferneric  materials 
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Syntiiesis  of  nionomers 


IMechanical  propeliits 


Healing  (iieMing)  efficiency  of  polymer  3M4F 
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University  of  Bristol  Department  of  Aerospace  Engineering 


Shaped  fibres  made  at  Bristol 
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Impact  detection  with  hollow  fibre 
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Active  fibres 
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University  of  Bristol  Department  of  Aerospace  Engineering 


Bleeding  composites 
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Bleeding  composites 
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Examples  of  interconnect  resin  fracture 


PCB  Strain/Displacement  Distribution 


el  microelectronic  package,  Resin  layer  with  self-healing 
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Challenge  :  Transition  concepts  to  PCB  Laminate 
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of  their  respective  owners.  ©  Motorola.  Inc.  2002. 


